Dr aft
Wild Harbor Estuarine System
Total Maximum Daily L oad

For Total Nitrogen
(CN #397.0)

Wild Harbor Eelgrass Coverage Over Time

COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENERGY AND ENVIRONMENTAL AFFAIRS
MATTHEW A. BEATON, SECRETARY
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION
MARTIN SUUBERG, COMMISSIONER
BUREAU OF WATER RESOURCES
DOUGLAS FINE, ASSISTANT COMMISSIONER
August 2017



Draft Wild Harbor Estuarine System
Total Maximum Daily L oad
For Total Nitrogen

nnnnnnnn

o PARKER &

o
W N
&%, b
£, ~= i
El & Oy
TR,
(Mystic)

&
& 4
o

RRRRRRRRRRR

CONCORD

4 . -
4 A 2 -
R A 7 ]
a LN
<
ISLANDS

)

Wild Harboi

Key Feature:
L ocation:
Land Type:
303d Listing:

Data Sour ces:

Data M echanism:

Monitoring Plan:

Total Nitrogen TMDL for Wild Harbor System

EPA Region 1Towns of Falmouth, Bourne and Sandwich, MA

New England Coastal

Wild Harbor (MA95-20) has a TMDL for Fecal Colifor(Category 4a, 2014
Integrated Report), but was found to be impairechtdrients during the MEP
study. Wild Harbor will be evaluated for nutrientpairment in a future listing.
Wild Harbor River (MA95-68) has a TMDL for Fecal Idorm (Category 4a).
Wild Harbor River is listed (Category 5) for Nutni#Eutrophication Biological
Indicators, although it was determined to be meefiquatic Life Use during the
course of the MEP study. Wild Harbor River and DRamd Stream, (no
assessment unit ID) are hydraulically connectéd/iid Harbor and therefore
have been assigned Protective TMDLSs.

University of Massachusetts — Dartmouth/SchooMarine Science and
Technology; US Geological Survey; Applied Coastas&rch and Engineering,
Inc.; Cape Cod Commission; Town of Falmouth

Massachusetts Surface Water Quality Stand#@nadient Data and Linked
Watershed Model

Cape Cod Commission/Town of Falmouth — Buzzards Gaglition’s
Baywatchers Monitoring Program with technical assise by SMAST

Control Measures. Sewering, Storm Water Management, Fertilizer UsdaBys



Executive Summary
Problem Statement

Excessive nitrogen (N) originating from a variefysources has added to the impairment of the
environmental quality of Wild Harbor. In generalcessive N in these waters is indicated by:
» Loss of eelgrass beds, which are critical habftatenacroinvertebrates and fish;
* Undesirable increases in macro-algae, which arenrtess beneficial than eelgrass;
» Periodic decreases in dissolved oxygen concemisatimat threaten aquatic life;
* Reductions in the diversity of benthic animal p@piains;
* Periodic algae blooms.

With proper management of N, inputs these trendseareversed. Without proper management,
more severe problems might develop, including:
» Periodic fish kills;
* Unpleasant odors and scum;
* Benthic communities reduced to the most stressantespecies, or in the worst
cases, near loss of the benthic animal communities.

Coastal communities, including Falmouth, rely osacl, productive, and aesthetically pleasing
marine and estuarine waters for tourism, recreatiswimming, fishing, and boating, as well as for
commercial fin fishing and shellfishing. Failugereduce and control N loadings could lead to
further loss of eelgrass and possible increasesgro-algae, a higher frequency of undesirable
decreases in dissolved oxygen concentrations ahdilis, widespread occurrence of unpleasant
odors and visible scum, and a further loss of demttacroinvertebrates throughout most of the
system. As a result of these environmental impacismmercial and recreational uses of the Wild
Harbor estuarine system will be greatly reduced.

Sour ces of Nitrogen

Nitrogen enters the waters of coastal embaymemdgtiom the following sources:
* The watershed

on-site subsurface wastewater disposal (septit@ss

natural background

runoff from impervious surfaces

fertilizers

wastewater treatment facilities (WWTF)

landfills

agricultural activities

* Atmospheric deposition

* Nutrient-rich bottom sediments in the embaymentsdso
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Figure ES-A below indicates the percent contrimgiof the various sources of N in the watershed
to Wild Harbor. Values are based on Table ES-1Tafde 3 from the Massachusetts Estuaries
Project (MEP) Technical Report (Howes al 2013). As evident from this figure, most of the
controllable N load to Wild Harbor originates fra@aptic systems.



Figure ES-A: Percent Contributions of All Watershed Nitrogen Sour ces and Per cent
Contributions of Controllable Nitrogen Sourcesto Wild Harbor
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Target Threshold Nitrogen Concentrations and L oadings

The Wild Harbor estuarine system is located entiethin the Town of Falmouth on Cape Cod,
Massachusetts. The watershed of this system iopredtely in Falmouth but very small portions
are shared between the Towns of Bourne and SandWwhehN that enters the estuary each day (N
load) is 23.66 kg/day from the combined three majdywatersheds (Dam Pond Stream, Wild
Harbor River and Wild Harbor). The resultant averagnual concentration of N in Wild Harbor
inner harbor, or Boat Basin, was 0.439 mgniilligrams per liter of N) and for Wild Harbor Rey

was 0.480 mg/L (average of yearly means at thestations collected from 1999 — 2009 as reported
in Table VI-1 of the MEP Technical Report and irtgd in Appendix B of this report).

In order to restore and protect this estuarineesiysiN loadings, and subsequently the concentrations
of N in the water, must be reduced to levels balosvthresholds that cause the observed
environmental impacts. This concentration will béerred to as thiarget threshold N

concentrationlt is the goal of the TMDL to reach this targeteshold N concentration, as it has

been determined for each impaired waterbody segmiérg MEP has determined that a N
concentration of 0.35 mg/L for this estuarine systd the sentinel station (WH-1) at the outlet of
Boat Basin will restore eelgrass habitat in them\&ild Harbor basin. In addition, restoration of
benthic habitat for infaunal animals will occurraanagement alternatives are implemented for



eelgrass. Based on sampling and modeling analgsithe resulting Technical Report, the MEP has
determined that the Total Maximum Daily Load (TMDdf)N to meet the target threshold N
concentration of 0.35 mg/L is 17.60 kg N/day foz #ntire system. The mechanism for achieving
these target threshold N concentrations is to redue N loadings to the Wild Harbor system. To
meet the TMDL this report suggests that a 32% reoluof the total watershed nitrogen load for the
entire system will be required.

This document presents the TMDL for this water badg provides guidance to the community of
Falmouth on possible ways to reduce the N loadinggthin the recommended TMDL and protect
the waters of this estuarine system.

Wild Harbor (MA95-20) has a TMDL for Fecal Colifor(€ategory 4a, 2014 Integrated Report), but
was found to be impaired for nutrients during thERstudy and has been assigned a TMDL in this
report. Wild Harbor will be evaluated for nutrigntpairment in a future 303(d) listing by MassDEP.
Wild Harbor River (MA95-68) has a TMDL for Fecal [@orm (Category 4a). Wild Harbor River

is listed (Category 5) for Nutrient/EutrophicatiBrological Indicators, although it was determined
to be meeting Aquatic Life Use during the courséhefMEP study based on benthic habitat data.
Wild Harbor River and Dam Pond Stream, (no assessuret ID) are hydraulically connected to
Wild Harbor and therefore have been assigned Rra¢eEMDLS.

I mplementation

The primary goal of the TMDL implementation will bwvering the concentrations of N in Wild
Harbor. The MEP linked model has shown that byicet) the loadings from on-site subsurface
wastewater disposal systems in the watershed bythd%arget threshold concentration can be met.
It is important to note that there is a varietyyazE#ding reduction scenarios that could achieve the
target threshold N concentration. Implementing neshagement practices (BMPs) to reduce N
loadings from fertilizers and runoff where possiwiél also help to lower the total N load to this
system.

Local officials can explore other loading reductsmenarios through additional modeling as part of
their Comprehensive Wastewater Management Plan (E)VNhplementing best management
practices (BMPs) to reduce N loadings from fertitz and runoff where possible will also help to
lower the total N load to the system. Methodolodgaeseducing N loading from septic systems,
storm water runoff and fertilizers are providedigtail in the “MEP Embayment Restoration and
Guidance for Implementation Strategies”, availabiehe MassDEP website:
http://www.mass.gov/eea/agencies/massdep/watershatds/coastal-resources-and-estuaries.html.
The appropriateness of any of the alternativesdeiiend on local conditions, and will have to be
determined on a case-by-case basis, using an agapinagement approach. This adaptive
management approach will incorporate the prioritied concepts included in the updated area wide
management plan established under Clean Watereatiod 208. Finally, growth within the
community of Falmouth which would exacerbate th@bpgms associated with N loading should be
guided by considerations of water quality-assodiatgpacts.
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I ntroduction

Section 303(d) of the Federal Clean Water Act nexpueach state (1) to identify waters that are not
meeting water quality standards and (2) to estafdlatal Maximum Daily Loads (TMDLSs) for such
waters for the pollutants of concern. The TMDloadition establishes the maximum loadings of
these pollutants of concern, taking into considenaall contributing sources to that water body,
while allowing the system to meet and maintaimigder quality standards and designated uses,
including compliance with numeric and narrativenstards. The TMDL development process may
be described in four steps, as follows:

1. Determination and documentation of whether dranwater body is presently meeting its water
guality standards and designated uses.

2. Assessment of present water quality conditiarthé water body, including estimation of
present loadings of pollutants of concern from kgt sources (discernable, confined, and
concrete sources such as pipes) and non-pointe(aiffuse sources that carry pollutants to
surface waters through runoff or groundwater).

3. Determination of the loading capacity of theevdiody. EPA regulations define the loading
capacity as the greatest amount of loading thaatambody can receive without violating water
guality standards. If the water body is not prédganeeting its designated uses, then the loading
capacity will represent a reduction relative tosgra loadings.

4. Specification of load allocations based on t&ling capacity determination for non-point
sources and point sources that will ensure thaivetter body will not violate water quality
standards.

After public comment and final approval by the ERt#e TMDL will serve as a guide for future
implementation activities. The MassDEP will workiwthe Town of Falmouth to develop specific
implementation strategies to reduce N loadingsvaiicssist in developing a monitoring plan for
assessing the success of the nutrient reductiategtes.

In the Wild Harbor system the pollutant of concenthis TMDL (based on observations of
eutrophication) is the nutrient nitrogen (N). Smdtrogen is the limiting nutrient in coastal and
marine waters, as its concentration increasespes plant productivity. This leads to nuisance
populations of macro-algae and increased concerisabf phytoplankton and epiphyton that imperil
the healthy ecology of the affected water bodies.

The TMDL for total N for the Wild Harbor systemhbsised primarily on data collected, compiled and
analyzed by University of Massachusetts DartmouBicsool for Marine Science and Technology
(SMAST), the Cape Cod Commission, Buzzards Bay i@oals Baywatchers Monitoring Program
and others, as part of the Massachusetts EstuiRnogsct (MEP). The data were collected over a
study period from 1999 to 2009 his study period will be referred to as the “Preggonditions” in

the TMDL since it contains the most recent datalabke. The MEP Technical Report can be found
at http://bit.ly/MassEstuariesProjecThe MEP Technical Report presents the resultseofinalyses




of this coastal embayment system using the MEPddniatershed-Embayment Nitrogen
Management Model (Linked Model).

The analyses were performed to assist Falmouthdeitisions on current and future wastewater
planning, wetland restoration, anadromous fish rahsllifisheries, open-space and harbor
maintenance programs. Critical elements of th@gch are the assessments of water quality
monitoring data, historical changes in eelgrassilligion, time-series water column oxygen
measurements and benthic community structure tbed wonducted on this embayment. These
assessments served as the basis for generatingaaliNg threshold for use as a goal for watershed N
management. The TMDL is based on the site-spdeifget threshold N concentration generated for
this embayment. Thus, the MEP offers a scienceébasmnagement approach to support the
wastewater management planning and decision-makongess in the Town of Falmouth.

Description of Water Bodies and Priority Ranking

The Wild Harbor Estuarine System is located witihi® Town of Falmouth on Cape Cod
Massachusetts. This system is located on theraastere of Buzzards Bay between Megansett
Harbor and West Falmouth Harbor. The Wild Harb@tesm is a complex estuary comprised of a
large outer basin constrained by Nyes Neck to tdrthrand Crow Point to the south, with two
contributory basins: a small inner basin to thelmeast of the main harbor and a tidal river donadat
by salt marsh flowing into the main harbor from flweitheast (Figure 2). The Wild Harbor inner
basin, or Boat Basin, is the main mooring ared@Wild Harbor System with ~100 boat moorings
and other boat activities, many associated with/tld Harbor Yacht Club. The tidal river, Wild
Harbor River, contains most of the 110 acres dfreaksh within the Wild Harbor System. Fresh
water ponds (Dam Pond, Noname Pond, and Pottend)Rwe located in Upper Wild Harbor River.

The developed regions of the watershed to the Watbor embayment system are distributed almost
entirely within the Town of Falmouth. The uppershportion of the watershed also falls within
Sandwich and Bourne, however this portion of théevgned is mostly undeveloped. The major
stakeholder for management and restoration of Wadbor is the Town of Falmouth.

The MEP team has delineated a watershed area ohapyately 3.3 square miles for the Wild
Harbor system. The delineated contributory wattshcludes eight subwatersheds which were
delineated for estimation of groundwater flows anttient export (Figure 1, Howes. al,2013, pg.
26). The MEP team has estimated a total groundilate for the system of 13,969 %day.

In the overall Wild Harbor watershed, the predomiriand use based on area is residential use,
which accounts for 37% of the overall watershe@ avkile public service lands represent the second
highest percentage (33%) of watershed area (Hetve$2013, pg 33). Overall, undeveloped lands
account for 13% of the entire Wild Harbor watersheeh.

A more complete description of this estuarine systepresented in Chapters | and 1V of the MEP
Technical Report (Howest. al2013). A majority of the information presentedeéien this estuarine
system is drawn from the Technical Report. Chaptéend VII of the MEP Technical Report
provide assessment data that show that the Wilbddastuarine system is impaired because of



nutrients, low dissolved oxygen levels, elevatedmphyll-a levels, eelgrass loss and benthic fauna
habitat degradation.

SHED ID | SHED NAME
1|Wild Harbor GT 10
2| Wild Harbor LT10
3|Dam Pond GT10
4|Dam Pond LT10
5| Wild Harbor River GT10
6 |Wild Harbor River LT10
7 |Wing Pond GT10
8|Wing Pond LT10
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Figure 1: Wild Harbor Watershed Area Delineation (Howes et. al 2013, pg. 25)
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The nature of enclosed embayments in populousmediangs two opposing elements to bear: 1) as
protected marine shoreline they are popular redionbkoating, recreation, and land development and
2) as enclosed bodies of water, they may not bdilyeftushed of the pollutants that they receiveedu
to the proximity and density of development neat along their shores. The Wild Harbor system is
at risk of further eutrophication from high nutriéoads in the groundwater and runoff from the
watershed.

Wild Harbor estuary currently supports relativebalthy habitat, however, it appears to be beyand it
ability to assimilate additional nutrients withaopacting ecological health. The Wild Harbor
system is at risk of further eutrophication fromgthnutrient loads in the groundwater and runoff
from the watershed. This estuarine system has d&sssed by MassDEP and is listed as a
waterbody with a TMDL for fecal coliform (Categofy - TMDL completed, EPA TMDL #36172)

in the MA 2014 Integrated List of Waters (MassDER2). It was also found to be impaired for
nutrients, low dissolved oxygen, elevated chlordpayloss of eelgrass, and degradation of benthic
infauna habitat during the course of the MEP si{icple 1).
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Priority Ranking

The embayment addressed by this TMDL is determiodxzk a high priority based on three

significant factors: (1) the initiative that theno has taken to assess the conditions of the entire
estuarine system; (2) themmitment support of the-made-by town to restore and preserve the
embayment; and (3) the extent of impairment ingimayment.In particular, this embayment is at
risk of further degradation from increased N loadtering through groundwater and surface water
runoff from the increasingly developed watershiédboth marine and freshwater systems an excess
of nutrients results in degraded water quality,eade impacts to ecosystems and limits on the use of
water resources. Observations are summarizedite Baand the Problem Assessment section below
and detailed in Chapter VII- Assessment of Embaytrivertrient Related Ecological Health of the
MEP Technical Report.



Table 1. Comparison of DEP and SMAST Impaired Parametersfor Wild Harbor System

MassDEP MassDEP SMAST
System Waterbody | Segment 2014 Integrated Impaired Size
Component| Segment ID | Description Class | List Category Parameter (acres)
Eelgrass loss,
Nutrients,
Dissolved
SA 4A (Fecal Oxygen,
Wild (Shellfish | Coliform; EPA Chlorophylia,
Harbor MA95-20 Falmouth. | -ing) TMDL #36172) | Benthic Fauna 84.15
Headwaters, 5 (Fecal
Falmouth to Coliform; EPA
mouth at TMDL #36172)
Wwild Wwild SA Nutrient/Eutrophi
Harbor Harbor, (Shellfish | -cation Biological
River MA95-68 Falmouth. | -ing) Indicators None, healthy 36.32
Dam Pond
Stream not assigned

' As determined by the MEP Wild Harbor Study and regzbin the Technical Report, Howesal, 2013.

2 Freshwater, tributary to Wild Harbor River

% Determined not impaired for Nutrient/Eutrophicatiiological Indicators. This segment will be ewatied for delisting
in a future 303(d) List of Waters. Wild Harbor Bivhas been assigned a Protective TMDL (Appendix D)

Description of Hydrodynamics of the Wild Harbor System

Wild Harbor is a fairly deep coastal embayment wlith main Harbor having an average depth of -9
feet mean low tide (MLW). The harbor has a widerdpg to the Buzzards Bay between Nyes Neck
and Crow Point. The MEP project has evaluateditta circulation and flushing characteristics of
this embayment system using both direct measurenaeat the RMA-2 model, a well-established
model for estuaries. The MEP project deployed fjaging stations throughout the Wild Harbor
system and one in Buzzards Bay to evaluate tidalacteristics. Little tidal dampening was found
between Buzzards Bay and inner Wild Harbor or Vidtbor River. In addition the phase delay of
the main tidal constituent (lunar, twice per daletiaka M2) was only approximately 16 minutes
between Buzzards Bay and upper Wild Harbor Rividre MEP project also determined a system
residence time of one day for this system. Givese facts, Howest. al (2013) found this system
flushes well.

Problem Assessment

Wild Harbor is a moderately nutrient impacted shaltoastal estuarine system in the initial stades o
nutrient impairment, as evidenced by the slow dectif eelgrass habitat. The main basin of Wild
Harbor continues to support extensive eelgrass Ibetdselgrass acreage has declined 48% between
1951 and 2006. The presence of eelgrass is parlicimportant for Wild Harbor as fish and
shellfish habitat, which in turn provide a sour¢d¢apvae critical to coastal benthic animal andhfis
communities. Shellfishing within the Wild Harbarstem is presently prohibited year round by the
Massachusetts Division of Marine Fisheries as déiselt of a historic (1969) oil spill, as well as
bacterial contamination from watershed runoff.



The primary ecological threat to Wild Harbor is ceation resulting from nutrient enrichment.
Most of the total N load (65%) is from septic sysse with other “controllable” N contributions
coming from runoff of impervious surfaces and femtirs. Other sources that are not locally
controllable include atmospheric deposition toghgace of the estuary and natural surfaces.
Nitrogen from these sources enters the groundveaigtieventually enters the estuary system.

The Town of Falmouth has grown rapidly over thet pasr decades. In the period from 1970 to
2010 the number of year round residents in Falmbathalmost doubled (Figure 3). The watershed
of Wild Harbor has had rapid and extensive devekpnof single-family homes and the conversion
of seasonal into full time residences. Water qugdibblems associated with this development result
primarily from on-site wastewater treatment systeimd to a lesser extent from fertilizers and runoff
from these developed areas. The remaining buitgpotential within the Wild Harbor watershed

will increase unattentuated system-wide nitrogewliog by only about 6%. At the time of the data
collection 100% of the parcels in the Wild Harbatershed relied on privately maintained septic
systems for on-site treatment and disposal of wadtr. The Silver Beach sewer project (completed
after the period of data collection used in the M&H fulfill 8.5 % of the nitrogen load reduction
needed to restore the nitrogen impaired habitatsinmwihe Wild Harbor System.
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Figure 3: Falmouth Historic Residential Population

Prior to the 1970s there were fewer homes and roathose were seasonal. It is generally
recognized that declines in water and habitat tyuaften parallel population growth in the
watershed. The problems in Wild Harbor includemageral trend in loss of eelgrass from the inner
margin of the main basin, at the inner Boat Basinrglary and losses at the deeper margin of the
Nyes Neck beds. Both the location and the tempoeat are consistent with nitrogen enrichment
with significant decrease in diversity and quantitypenthic animals, decrease in eelgrass coverage



and moderate levels of phytoplankton and patches@imulated mats of macro algae (Table 2). If
the N concentration continues to increase, futatatht degradation could include periodic fishsill
unpleasant odors and scums and near loss of thleibeommunity and/or presence of only the most
stress-tolerant species of benthic animals.

Coastal communities, including Falmouth, rely osacl, productive and aesthetically pleasing marine
and estuarine waters for tourism, recreational swimg, fishing, and boating, as well as commercial
fin fishing and shellfishing. The continued degroin of this coastal embayment, as described
above, could significantly reduce the recreati@ral commercial value and use of these important
environmental resources.

Habitat and water quality assessments were condloci¢his estuarine system based upon water
guality monitoring data, analysis of historical ngas in eelgrass distribution, time-series water
column dissolved oxygen and chlorophg/iineasurements, benthic community structure assessme
and sediment characteristics. At present, the Wadbor Estuary is beyond its ability to assimilate
nitrogen without impairment and is showing low todwerate levels of nitrogen enrichment, with
some moderate impairment of both eelgrass in tha basin of Wild Harbor and significant
impairment of infaunal habitats in the inner BoasB.

Table 2: General Summary of Conditions Related to the Major Indicators of Habitat
Impair ment Observed in the Wild Harbor System®

Dissolved Oxygen | Chlorophyll a® | Macroalgae EelgrassLoss Benthic Fauna®
Moderate Sparse drift Loss of eelgrass habitat ~ Low numbers
Oxygen depletion | levels, average palgae between Wild Harbor | species, moderate
frequently <6 mg/L, <10 uglL, e and Boat Basin and deep number of
periodically 3 mg/L | blooms 20-30 Zlgr;ﬂr(;aar;; margin of the Nyes Neck individuals, mostly
MI* ug/L I\% 1/SI* beds stress tolerant
MI* MI* SI*

! Assessment refers to Inner Boat Basin of the Widhidr. x The Outer Basin was assessed as Mefgrass and H/MI
for Benthic Infauna.

2 Algal blooms are consistent with chlorophgllevels above 20 pg/L

% Based on observations of the types of species, aunftspecies, and number of individuals

H - Healthy habitat conditions

MI — Moderately Impaired

S| — Significantly Impaired - considerably and agpably changed from normal conditions

SD - Severely degraded

* These terms are more fully described in MEP refite-Specific Nitrogen Thresholds for Southeastélassachusetts
Embayments: Critical Indicators” December 22, 2003
http://www.mass.gov/eea/docs/dep/water /r esour ces/n-thr u-y/nitr oest.pdf




Pollutant of Concern, Sources and Controllability

In Wild Harbor, as in most marine and coastal vattre limiting nutrient is nitrogen (N). Nitrogen
concentrations above those expected naturally iboérto undesirable water quality and habitat
conditions (such as described above).

Wild Harbor has had extensive data collected amdlyaad through the MEP, with the cooperation
and assistance from the Town of Falmouth, BuzzBeysCoalition’s Baywatchers Monitoring
Program and the Cape Cod Commission (CCC). Ddliaction included both water quality and
hydrodynamics as described in Chapters I, IV, \d ¥H of the MEP Technical Report. These
investigations revealed that loadings of nutrieaespecially N, are much larger than they would be
under natural conditions and, as a result, thernveptality has deteriorated. Figure 4 illustrates t
sources and percent contributions of sources @ittN\\\Vild Harbor.

The level of “controllability” of each source, hover, varies widely as shown in Table 3 below.
Cost/benefit analyses will have to be conductedafigpossible N loading reduction methodologies in
order to select the optimal control strategieyrnres, and schedules.



Table 3: Sources of Nitrogen and their Controllability

Nitrogen Source

Degree of
Controllability
at Local Level

Reasoning

Agricultural fertilizer and

These nitrogen loadings can be controlled throyggnapriate agricultural Best

\"4

animal wastes Moderate Management Practices (BMPs).
Atmospheric deposition to Low It is only through region- and nation-wide air paibn control initiatives that
the estuary surface significant reductions are feasible. Local con&itthough helpful is not adequate.
Atmospheric deposition t Atmospheric deposition (loadings) to these areasaadequately be controlled
natural surfaces (forests, ) .
. ) Low locally. However, the N from these sources mighsbigiected to enhanced
fields, freshwater bodies) : )
. natural attenuation as it moves toward the estuary.
in the watershed
Fertilizer Moderate Lawn and golf course fgrtlllzer and related N |lowgi can be reduced through
BMPs, bylaws and public education.
Sources of N can be controlled by a variety of egmzific methods including:
Septic svstem High sewering and treatment at centralized or decenghliocations, transporting and
pc sy 9 treating septage at treatment facilities with N ogal technology either in or ouf
of the watershed, or installing N-reducing on-sigstewater treatment systems.
N loadings are not feasibly controlled on a larg@es by such measures as
dredging. However, the concentrations of N in exlits, and thus the loading
Sediment Low from the sediments, will decline over time if sasdn the watershed are
removed, or reduced to the target levels disculsgedin this document. In
addition, increased dissolved oxygen will help kdijpom fluxing.
This nitrogen source can be controlled by BMPsabgland stormwater
Stormwater runoff from infrastructure improvements and public educatiStormwater NPDES permit
- . Moderate ) : . :
impervious surfaces requirements help control stormwater related Nilugglin designated
communities.
Wastewater treatment facilities as point sourcgsotitition to surface water arg
Wastewater treatment permitted under the National Pollution Dischargeniiation System. Treated
High wastewater effluent discharged to groundwater digpsystems are permitted ly

facility (WWTF)

MassDEP. There is a high degree of regulatoryaiugyt that within the limits of
technology, nutrient sources at these facilitieslma controlled.
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Figure 4: Percent Contribution of Watershed Nitrogen Sourcesto Wild Harbor System
(Howeset al, 2013)

Description of the Applicable Water Quality Standards

Wild Harbor and Wild Harbor River are classified@ass SA waterbodies in the Massachusetts
Water Quality Standards (MassDEP 2007). Freshvpateions of the system are classified as
B. Massachusetts currently has narrative standardsitrients (nitrogen and phosphorus) for
waters of the Commonwealth such that “all surfaegevs shall be free of nutrients in
concentrations that would cause or contribute feainment of existing or designated uses and
shall not exceed site specific criteria developed TMDL or otherwise, established by the
department” (MassDEP 2007). A more through explanaf applicable standards can be
found in Appendix A.

Thus, the assessment of eutrophication is basaedespecific information within a general
framework that emphasizes impairment of uses aesipvation of a balanced indigenous flora
and fauna. This approach is recommended by therw#damental Protection Agency in their
Nutrient Criteria Technical Guidance Manual foruesine and Coastal Marine Waters (EPA-
2001). The guidance manual notleat lakes, reservoirs, streams, and rivers maubdivided

by classes, allowing reference conditions for edaks and facilitating cost-effective criteria
development for nutrient management. Howeveryiddal estuarine and coastal marine waters
tend to have unique characteristics, and developofendividual water body criteria is

typically required.

10



Methodology - Linking Water Quality and Pollutant Sour ces

Extensive data collection and analyses have bessrided in detail in the MEP Technical Report.
These data were used by SMAST to assess the loedpagity of each sub-embayment. Physical
(Chapter V), chemical, and biological (ChaptersW, and VIII) data were collected and
evaluated. The primary water quality objective wgwesented by conditions that:

1) Restore the natural distribution of eelgrass bex#@ysrovides valuable habitat for shellfish
and finfish;

2) Prevent algal blooms;
3) Restore and protect benthic communities; and

4) Maintain dissolved oxygen concentrations that aotégative of the estuarine communities.

The details of the data collection, modeling andleation are presented and discussed in Chapters
IV, V, VI, VIl and VIII of the MEP Technical RepartThe main aspects of the data evaluation and
modeling approach of this study are summarizedvbelo

The core analytical method of the Massachusetisfiss Project is the Linked Watershed-
Embayment Management Modeling Approach. It fuiik$ watershed inputs with embayment
circulation and N characteristics and is charargerias follows:

* Requires site specific measurements within themhed and each sub-embayment;

* Uses realistic “best-estimates” of N loads froraheland-use (as opposed to loads with  built-
in “safety factors” like Title 5 design loads);

* Spatially distributes the watershed N loading® ¢mbayment;

* Accounts for N attenuation during transport to éhgbayment;

* Includes a 2D or 3D embayment circulation modeleteling on embayment structure;
* Accounts for basin structure, tidal variationsg @mspersion within the embayment;

* Includes N regenerated within the embayment;

* |s validated by both independent hydrodynamic, Ncemtration, and ecological data;
* |s calibrated and validated with field data ptimigeneration of “what if” scenarios.

The Linked Model has previously been applied toensited N management in numerous
embayments throughout Southeastern Massachusettsese applications it became clear that the
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model can be calibrated and validated and hassiaareanagement tool for evaluating watershed
N management options.

The Linked Model, when properly calibrated and daied for a given embayment, becomes a N
management planning tool as described in the noaaliew below. The model can assess
solutions for the protection or restoration of rert-related water quality and allows testing of
management scenarios to support cost/benefit ev@hsa In addition, once a model is fully
functional it can be refined for changes in land-as embayment characteristics at minimal cost.
Also, since the Linked Model uses a holistic apphoinat incorporates the entire watershed,
embayment and tidal source waters, it can be usedaluate all projects as they relate directly or
indirectly to water quality conditions within iteggraphic boundaries. It should be noted that this
approach includes high-order, watershed and subrsletd scale modeling necessary to develop
critical nitrogen targets for each major sub-embagtnThe models, data and assumptions used in
this process are specifically intended for the pags stated in the MEP Technical Report, upon
which this TMDL is based. As such, the Linked Mogdedcess does not contain the type of data or
level and scale of analysis necessary to predictate and transport of nitrogen through
groundwater from specific sources. In addition, daterminations related to direct and immediate
hydrologic connection to surface waters are beybedcope of the MEP’s Linked Model process.

The Linked Model provides a quantitative approamhdetermining an embayment's: (1) N
sensitivity; (2) N threshold loading levels (TMDI3gnd (3) response to changes in loading rate.
The approach is fully field validated and unlikempapproaches, accounts for nutrient sources,
attenuation, and recycling and variations in tidgdrodynamics (Figure 32 of the MEP
Technical Report). This methodology integratesiadety of field data and models, specifically:

* Monitoring - multi-year embayment nutrient sampl

» Hydrodynamics;
» Embayment bathymetry (depth contours throughouethkayment)
» Site-specific tidal record (timing and height afds)
» Water velocity records (in complex systems only)
» Hydrodynamic model

» Watershed N Loading;
Watershed delineation
Stream flow (Q) and N load
Land-use analysis (GIS)
Watershed N model

YV VYV

* Embayment TMDL — Synthesis;

Linked Watershed-Embayment N Model
Salinity surveys (for linked model validation)
Rate of N recycling within embayment
Dissolved oxygen record

Chlorophylla record

Eelgrass and Infaunal surveys

VVVVYVYY
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Application of the Linked Water shed-Embayment M odel

The approach developed by the MEP for applyinditti®d model to specific embayments for the
purpose of developing target threshold N loadinggancludes:

1) Selecting one or two sub-embayments within the ¢mmieat system located close to the
inland-most reach or reaches which typically hasghthe poorest water quality within the system.
These are called “sentinel” stations;

2) Using site-specific information and a minimum ofeé years of sub-embayment-

specific data to select target threshold N conegintns for each sub-embayment. This is done by
refining the draft target threshold N concentragitimat were developed as the initial step of the
MEP process. The target threshold N concentratiwaitswere selected generally occur in higher
quality waters near the mouth of the embaymenegayst

3) Running the calibrated water quality model usirftedent watershed N loading rates, to
determine the loading rate which will achieve tagét threshold N concentration at the sentinel
station. Differences between the modeled N logdired to achieve the target threshold N
concentration, and the present watershed N loa#@sept N management goals for restoration and
protection of the embayment system as a whole.

Previous sampling and data analyses and the mgdstiivities described above resulted in four
major outputs that were critical to the developnarthe TMDL.

Two outputs are related to déncentration:

. the present N concentrations in the sub-embayments;
. site-specific target threshold N concentrations.

Two outputs are related tolNadings:

. the present N loads to the sub-embayments;
. load reductions necessary to meet the site spéarfyet threshold N concentrations.

In summary, meeting the water quality standardeedycing the N concentration (and thus the N
load) at the sentinel station(s), the water quaagls will be met throughout the entire system.

A brief overview of each of the outputs follows.
Nitrogen concentrationsin the embayment

1) Observed “present” conditions:

Table 4 presents the average concentrations of duned in this system from data collected at
three stations during the period 1999 through 208rage yearly nitrogen concentrations at
these two stations ranged from 0.378 — 0.596 mgih te lowest average concentration found in
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at the outlet of the inner Boat Basin (Station WHad the highest average within the Wild
Harbor River station (WH-2). See Figure 5 for statiocations. The overall means and standard
deviations of the averages are presented in Apgddiable B-1 (reprinted from Table VI-1 of
the MEP Technical Report, Howesal, 2013. The sentinel station is WH-1, located atrttouth

of the Wild Harbor Boat Basin (Figure 5).

Table 4. Observed Present Nitrogen Concentrations and Sentinel Station Threshold
Nitrogen Target Concentration for Wild Harbor.

Target
1 Threshold
Sub-Embayment Station HEET Sta'.‘d?“d NGB Nitrogen
(mg/L N) | Deviation| Samples :
Concentration
(mg/L)?
Wild Harbor WH-1 0.439 0.071 38 0.35
Wild Harbor River WH-2 0.48 0.107 40
Buzzards Bay CBB1 0.282 0.044 13

! Mean values are calculated as the average okff@ate yearly means. Data collected in the susmer
of 1999 through 2009.
*Sentinel Station (WH-1) shown in Figure 5.

2) Modeled site-specific target threshold N concidns:

A major component of TMDL development is the detieation of the maximum concentrations
of N (based on field data) that can occur with@using unacceptable impacts to the aquatic
environment. This is called tharget threshold nitrogen concentratiofrior to conducting the
analytical and modeling activities to determines tiairget threshold N concentration as described
below, SMAST selected appropriate nutrient-relaedronmental indicators and tested the
gualitative and quantitative relationship betwdswse indicators and N concentrations. The
Linked Model was then used to determine site-spettifeshold N concentrations by using the
specific physical, chemical and biological chargstes of each sub-embayment.

Determination of the critical nitrogen threshold foaintaining high quality habitat within Wild
Harbor is based primarily on the nutrient and oxylgyels, temporal trends in eelgrass
distribution and benthic community indicators. Théhreshold for Wild Harbor is based upon
the goal of restoring eelgrass habitat within tlembasin with the parallel goal of restoring
benthic habitat for infaunal animals in the inneitdV\Harbor Boat Basin.

As listed in Table 4 above, the site-specific tatgeeshold N concentration is 0.35 mg/L. The

findings of the analytical and modeling investigas to determine this target threshold nitrogen
concentration for the estuarine system are disdussiew.
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Wild Harbor

Buzzards Bay

Figure5: Wild Harbor Long Term Monitoring Stations. Sentinel Station is Station WH-1.

As previously described, the Wild Harbor estuaspstem presently supports nitrogen related
habitat impairment throughout the tidal reach. Wikl Harbor Embayment System presently
shows a moderate impairment to eelgrass habithatrwiils outer basin, the main basin of Wild
Harbor. The impairment is based upon the recempoeal trend in loss of eelgrass from the
inner margin of the basin, at the inner Boat Béasinndary and loss at the deeper margin of the
Nyes Neck beds. Both the location and the tempoealt are consistent with nitrogen
enrichment. However, as the rate of loss has pestual and significant eelgrass resources still

15



exist, that indicates that this estuarine basonlyg just beyond its nitrogen threshold (ie theelev
of nitrogen a system can tolerate without impairtmemhe presence of stable dense eelgrass
beds throughout the main basin of Wild Harbor dredgenerally high quality benthic animal
habitat throughout the embayment system (excegh&Boat Basin) also indicates a system just
beyond its nitrogen enrichment threshold. Therabeaichment of the inner region (the
boundary area losing eelgrass) and within the Baatn is consistent with habitat impairment
documented for this estuary.

Total nitrogen levels (TN) within Wild Harbor, witks moderately stressed eelgrass beds,
revealed summer-time, tidally-averaged, annual me&0.439 - 0.48 mg/L N, (as reported in
Chapter VI of the MEP Technical Report and repdnteAppendix B). The MEP Technical
Report concluded that Wild Harbor appears to beenty slightly beyond its nitrogen threshold
for sustainable eelgrass coverage based on this leV€N, moderate epiphyte growth, and the
fact that eelgrass presently colonizes much ofth& basin of Wild Harbor with temporal loss
of bed coverage.

As eelgrass within the Wild Harbor Embayment Sysig@ncritical habitat structuring the
productivity and resource quality of the entireteys, and given that it is presently showing
moderate impairment, restoration of this resousdde primary target for overall restoration of
this system. Therefore to restore eelgrass hahitatild Harbor the nitrogen concentration
(tidally averaged TN) at the sentinel locationhag dutlet of the Boat Basin (WH-1) needs to be
lowered to 0.35 mg/L.

This threshold is similar to that for West Falmot#arbor and Phinneys Harbor at similar depths
and is focused in part on restoring eelgrass wihéxad persisted until recently near the tidal
inlet to the Boat Basin. Lowering the level ofragen enrichment at the sentinel station will
lower nitrogen levels within the Boat Basin andanregion of Wild Harbor with the parallel
effect of improving impaired infaunal habitat. Rrdhe eelgrass surveys of 1951 and 20086, it
appears that eelgrass coverage could increase agré® or ~70% over the present bed area,
with parallel restoration of the significantly imiped and degraded benthic animal habitat.

Nitrogen loadings to the embayment

1) Present loading rates:

In the Wild Harbor System overall the highest Ndiog from controllable sources is from on-
site wastewater treatment systems which is almastya the highest N loading source in other
coastal embayments as well. The MEP Technical Reptrulates that septic systems account
for 72% of the controllable N load to the overgét®em. Other controllable sources include
fertilizers (20%), and runoff from impervious sw#s (8%) (Figure 4).The septic system loading
is 17.36 kg N/day within the Wild Harbor watershékhe total N loading from all sources is
13.35 kg N/day. A further breakdown of N loadingdmurce is presented in Table 5. The data
on which Table 5 is based can be found in Tabld B$the MEP Technical Report.
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Table5: Present Attenuated Nitrogen L oading to the Wild Harbor Embayment System (from Howeset. al 2013)

Sl Present Total Direct
Present Land | Attenuated .| Present Net| Total N Load
; Attenuated Atmospheric :
System Component Use Load N Septic System o Benthic Flux| from All Sources
Watershed Load| Deposition N
(kg/day) Load N N° (kg/day) (kg/day) N (kg/day) (kg/day)
(kg/day)

Wild Harbor 2.83 7.50 10.33 1.03 -11.36 0.00
Wild Harbor River 3.01 8.81 11.83 0.45 -0.42 11.85
Dam Pond Stream 0.46 1.05 151 - - 151

Wild Harbor(total system) 6.30 17.36 23.66 1.48 -11.78 13.35

! Present land use includes fertilizers, runoff fiompervious surfaces, and atmospheric depositidakies and natural surfaces
2Includes atmospheric deposition to the estuaryaserbnly.
¥ Composed of combined present land use, septicragste

* Atmospheric deposition to embayment surface only
®Composed of attenuated loadings from natural backyt, fertilizer, runoff from impervious surfacegptic systems as well as atmospheric depositidn an
benthic flux loadings

As previously indicated, the present N loadinggvitd Harbor must be reduced in order to restoredd@ms and to avoid further

nutrient-related adverse environmental impactse drtical final step in the development of the TMIB modeling and analysis to
determine the loadings required to achieve theetdhgeshold N concentrations.
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2) Nitrogen loads necessary for meeting the sigsifip target threshold N concentrations:

The nitrogen threshold developed by SMAST (Sectitih2 in the MEP Technical Report)
and summarized above was used to determine therdmabtotal nitrogen mass loading
reduction required for restoration of eelgrassiafalnal habitats in the Wild Harbor system.
Tidally averaged total nitrogen concentrations wesed to calibrate the water quality model
(Section VI in the MEP Technical Report). Modeleatershed nitrogen loads were
sequentially lowered until the nitrogen levels ezt the threshold level at the sentinel station
chosen for Wild Harbor (WH-1). It is importantriote that load reductions can be produced
by reduction of any or all sources of N and/or hgreasing the natural attenuation of nitrogen
within the freshwater systems to the embayment Idad reductions presented here
represent only one of a suite of potential reducéipproaches that need to be evaluated by
the community.

Table 6 includes the present and target threshatdrahed N loadings to Wild Harbor and
the percentage reduction necessary to meet thet thrgshold N concentration at the sentinel
station (from Table ES-2 of the MEP Technical Ré€por

Table6: Present Watershed Nitrogen L oading Rates, Calculated L oading Rates that
are Necessary to Achieve Target Threshold Nitrogen Concentrations and the Per cent
Reductions of the Existing L oads Necessary to Achievethe Target Threshold L oadings

Present Attenuateq Target Threshold r: dﬂgﬁg;gﬁgggg?
System Component Watershed Lodd | Watershed Lo&d .
(kg/day) (kg/day) achieve target
threshold loads
Wild Harbor 10.33 4.55 -56%
Wild Harbor River 11.83 10.06 -15%
Dam Pond Stream 151 1.51 0%
Wild Harbor 23.66 16.12 -32%
(total system)

"Composed of wastewater from septic systems, faatilirunoff from impervious surfaces, atmospheric
deposition to freshwater waterbodies and naturdhses. This load does not include direct atmospher
deposition onto estuarine surfaces or benthic regdion.

2Target threshold watershed load is the load fraenathtershed needed to meet the embayment targshtid
N concentration of 0.35 mg/L identified in Tabladove.

Total Maximum Daily L oads

As described in EPA guidance, a total maximum daifyl (TMDL) identifies the loading
capacity of a water body for a particular pollutarEPA regulations define loading capacity
as the greatest amount of loading that a water badyreceive without violating water quality
standards. The TMDLs are established to protettoamestore the estuarine ecosystem,
including eelgrass, the leading indicator of ecaabhealth, thus meeting water quality goals
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for aquatic life support. Because there are narferical” water quality standards for N, the
TMDL for the Wild Harbor system is aimed at deteming the loads that would correspond to
specific N concentrations determined to be proteatif the water quality and ecosystems.

The development of a TMDL requires detailed anaym®d mathematical modeling of land
use, nutrient loads, water quality indicators, Bpdrodynamic variables (including residence
time) for each waterbody system. The results @efntlathematical model are correlated with
estimates of impacts on water quality includingateg@ impacts on eelgrass (the primary
indicator), as well as dissolved oxygen, chloropbagd benthic infauna.

The TMDL can be defined by the equation:
TMDL = BG + WLAs + LAs + MOS

Where:
TMDL = loading capacity of receiving water

BG = natural background
WLAs = portion allotted to point sources
LAs = portion allotted to (cultural) nonipbsources

MOS = margin of safety
Background L oading

Natural background N loading is included in thediog estimates, but is not quantified or
presented separately. Background loading was eaémibn the assumption that the entire
watershed is forested with no anthropogenic souwtas It is accounted for in this TMDL
but not defined as a separate component. Readersfarred to Table ES-1 of the MEP
Technical Report for estimated loading due to retconditions.

Waste Load Allocations

Waste load allocations (WLA) identify the portiohtbe loading capacity allocated to
existing and future point sources of wastewatarthé Wild Harbor estuarine system there
are no permitted surface water discharges in thieralzed with the exception of stormwater.
A TMDL may establish a specific WLA for an idendfl source or, as in the case of
stormwater, may establish an aggregate WLA thaliepfo numerous sources. EPA
interprets 40 CFR 130.2(h) to require that allawatifor NPDES regulated discharges of
stormwater also be included in the waste load corapbof the TMDL. In the Wild Harbor
estuarine system this load includes runoff fromempous surfaces.

For purposes of the Wild Harbor Estuarine SystenDLMMassDEP also considered the
nitrogen load reductions from regulated MS4 sournsxessary to meet the target nitrogen
concentrations. In estimating the nitrogen loadiings regulated stormwater sources,
MassDEP considered that most stormwater runotienMS4 communities is not discharged
directly into surface waters, but, rather, perasanto the ground. The geology on Cape Cod
and the Islands consists primarily of glacial oudtvaands and gravels, and water moves
rapidly through this type of soil profile. A systatit survey of stormwater conveyances on
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Cape Cod and the Islands was never undertakentpribe MEP study used in the
development of this TMDL. Nevertheless, most cdiabins on Cape Cod and the Islands are
known to MassDEP to have been designed as leachiof basins in light of the permeable
overburden. MassDEP, therefore, recognized that stosnwater that enters a catch basin in
the regulated area will percolate into the localugdwater table rather than directly discharge
to a surface waterbody.

As described in the Methodology Section (aboved,Ltimked Model accounts for storm water
loadings and groundwater loading in one aggredhieation as a non-point source.
However, MassDEP also considered that some storenwaty be discharged directly to
surface waters through outfalls. In the absenapetific data or other information to
accurately quantify stormwater discharged direttlgurface waters, MassDEP assumed that
all impervious surfaces within 200 feet of the dtioe, as calculated from MassGIS data
layers, would discharge directly to surface watetsgther or not it in fact did so. MassDEP
selected this approach because it consideredikaelythat any stormwater collected farther
than 200 feet from the shoreline would be diredischarged into surface waters. Although
the 200 foot approach provided a gross estimatssMBP considered it a reasonable and
conservative approach given the lack of pertinetd @nd information about stormwater
collection systems on Cape Cod.

MassDEP has calculated the potential waste loadatibn for this 200 foot buffer zone
previously in a number of nitrogen TMDLs for embagmts on Cape Cod. The calculated
waste load allocation due to runoff from impervisusfaces within 200 feet of the estuary is
0.14 kg/day, 0.5% of the total unattenuated watztdbad. (Refer to Appendix C for
details.) This conservative load is obviously ngigle when compared to other sources.

Load Allocations

Load allocations identify the portion of loadingpeaity allocated to existing and future
nonpoint sources. In the case of the Wild Harlystesn, the controllable nonpoint source
loadings are primarily from on-site subsurface wasiter disposal systems. Additional N
sources include stormwater runoff (except from imjmeis cover within 200 feet of the
waterbody which is defined above as part of thetevimmd), fertilizers and atmospheric
deposition.

Figure 4 (above) and Figure 6 (below) illustratat theptic systems are the most significant
portion of watershed sources of controllable atéed nitrogen (18.3 N/day), with fertilizers
from lawns and golf courses a distant second (§.R/klay). Another watershed source of
controllable nitrogen is stormwater runoff, whiamtributes 2.1 kg N/day (from Table V-3
in the MEP Technical Report). In addition, there monpoint sources of N from sediments,
natural background and atmospheric depositionatenot feasibly controllable.
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Figure 6: Controllable Water shed Sources of Nitrogen L oading to the Wild Harbor
Estuarine System

Generally, storm water that is subject to the EPAade 11 Program would be considered a part
of the waste load allocation rather than the Idktation. As presented in Chapters 1V, V,
and VI of the MEP Technical Report, on the Cape Mst majority of stormwater percolates
into the aquifer and enters the embayment systemugh groundwater. As a result, the
TMDL accounts for stormwater loadings and groun@whiadings in one aggregate

allocation as a non-point source, thus combinirgagsessments of wastewater and
stormwater for the purpose of developing contn@tsgies. Continued Phase Il Program
implementation in Falmouth, new studies and pogsibther modeling will identify what
portion of the stormwater load may be controllabl®ugh Best Management Practices
(BMPs).

Sediment loading rates incorporated into the TMPé different than the existing sediment
flux rates because projected reductions of N lagglinom the watershed will result in
reductions of nutrient concentrations in the seditsieand therefore, over time, reductions in
loadings from the sediments will occur. Benthiexfbf nitrogen from bottom sediments is a
critical (but often overlooked) component of nitemgoading to the shallow estuarine
systems, therefore determination of the site speatifgnitude of this component was also
performed (see Section VI of the MEP Report).

Benthic N flux is a function of N loading and pattiate organic N (PON). Projected benthic
fluxes are based upon projected PON concentratindsvatershed N loads and are
calculated by multiplying the present N flux by tiagio of projected PON to present PON
using the following formulae:

Projected N flux = (present N flux) (PON projectddON present)
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When: PON projected = (RBad) (Dron) + PON present offshore
When Rag= (projected N load) / (Present N load)
And Dpon is the PON concentration above background detesunby:

DPON = (PON present embayment I::'ONpresent offshor)e

Thus, benthic loading is affected by the changsatershed load. The benthic flux modeled
for the Wild Harbor system is reduced (towards y&am existing conditions based on the N
load reduction from controllable sources. There ar@s exception to this rule. Since there
was a negative benthic flux (nutrient uptake) rdedrin the inlet to the Wild Harbor boat
basin and in the Wild Harbor River under presemidtiions, a more conservative approach
was used for these segments in the TMDL by assum@rmbenthic flux for these segments
in the future. This conservative approach was asetis considered part of the margin of
safety in the TMDL. Since benthic loading variesotighout the year and the values shown
represent “worst case” summertime conditions, logdates are presented in kilograms per
day.

The loadings from atmospheric sources incorporettedthe TMDL are the same rates
presently occurring because, as discussed abgveficant control of atmospheric loadings
at the local level is not considered feasible.

Margin of Safety

Statutes and regulations require that a TMDL ineladnargin of safety (MOS) to account for
any lack of knowledge concerning the relationslepeen load and wasteload allocations
and water quality [CWA para 303 (d)(20©, 40C.G.Rrg130.7©(1)].The MOS must be
designed to ensure that any uncertainties in tteeatacalculations used to link pollutant
sources to water quality impairment modeling wéldccounted for in the TMDL and ensure
protection of the beneficial uses. The EPA’s 198IDL Guidance explains that the MOS
may be implicit, i.e., incorporated into the TMDirough conservative assumptions in the
analysis, or explicit, i.e., expressed in the TM&4d_loadings set aside for the MOS. An
explicit MOS quantifies an allocation amount segafeom other Load and Wasteload
Allocations. An explicit MOS can incorporate regecapacity for future unknowns, such as
population growth or effects of climate change atex quality. An implicit MOS is not
specifically quantified but consists of statemeaftthe conservative assumptions used in the
analysis. The MOS for the Wild Harbor Estuarinst®gn TMDL is implicit. MassDEP used
conservative assumptions to develop numeric mao#laations that account for the MOS.
These assumptions attescribed belowand they account for all sources of uncertainty,
including the potential impacts of changes in ctena

While the general vulnerabilities of coastal ar@aslimate change can be identified, specific
impacts and effects of changing estuarine conditame not well known at this time
(http://www.mass.gov/eea/waste-magnt-recycling/aisliiwgreen-house-gas-and-climate-
change/climate-change-adaptation/climate-changptatian-report.htn)l Because the
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science is not yet available, MassDEP is unabénaldyze climate change impacts on
streamflow, precipitation, and nutrient loadingtwéiny degree of certainty for TMDL
development. In light of these uncertainties aridrmational gaps, MassDEP has opted to
address all sources of uncertainty through an oiigMOS. MassDEP does not believe that
an explicit MOS approach is appropriate under treumstances or will provide a more
protective or accurate MOS than the implicit MO®m@@ach, as the available data simply
does not lend itself to characterizing and estingglibadings to derive numeric allocations
within confidence limits. Although the implicit M®approach does not expressly set aside a
specific portion of the load to account for potehimpacts of climate change, MassDEP has
no basis to conclude that the conservative assongpthat were used to develop theneric
model applications are insufficient to accounttfer lack of knowledge regarding climate
change.

Conservative assumptions that support an impli€xsv

1. Use of conservative data in the linked model

The watershed N model provides conservative estsnait N loads to the embayment.
Nitrogen transfer through direct groundwater disghdao estuarine waters is based upon
studies indicating negligible aquifer attenuatiowl ailution, i.e. 100% of load enters
embayment. This is a conservative estimate ofitgalecause studies have also shown that
in some areas less than 100% of the load enteessthary. Nitrogen from the upper
watershed regions which travel through ponds otamds almost always enters the
embayment via stream flow and is directly measosdr 12-16 months) to determine
attenuation. In these cases, the land-use modedhiavn a slightly higher predicted N load
than the measured discharges in the streams/tivarfiave been assessed to date. Therefore,
the watershed model as applied to the surface watErshed areas again presents a
conservative estimate of N loads because the acteasured N in streams was lower than the
modeled concentrations.

The hydrodynamic and water quality models have laassessed directly. In the many
instances where the hydrodynamic model predictidnv®lumetric exchange (flushing) have
also been directly measured by field measuremdntstantaneous discharge, the agreement
between modeled and observed values has been >B@fthe water quality model, it was
possible to conduct a quantitative assessmenteahtbdel results as fitted to a baseline
dataset - computed root mean squared (RMS) ertesssthan 0.01 mg/l, which demonstrates
a good fit between modeled and measured dataifsystem (Howest. al2013, pg. 98).
Since the water quality model incorporates allhaf dutputs from the other models, this
excellent fit indicates a high degree of certaintyhe final result. The high level of accuracy
of the model provides a high degree of confidendieé output so less of a margin of safety is
required.

In the Wild Harbor Estuarine System, there are fn@shwater ponds with delineated
watersheds: Dam Pond and Wing Pond. Neither paddhthymetric data or sufficient

water quality data collection. Water quality afaivf data were collected at the Dam Pond
stream gauge and as a result, MEP staff were aladstimate a 45% TN attenuation rate.
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Wing Pond was assigned a 50% TN attenuation ramdas to other MEP studies and
considered conservative.

Similarly, the water column N validation datasesvadso conservative. The model is
calibrated to measured water column N and validadeslinity. However, the model
predicts average summer N concentrations. Thehigtyor low measurements are marked
as outliers. The effect is to make the N thresinodde accurate and scientifically defensible.
If a single measurement two times higher than the highest data point in the series raises
the average 0.05 mg N/L, this would allow for alt@g“acceptable” load to the embayment.
Marking the very high outlier is a way of prevemtia single and rare bloom event from
changing the N threshold for a system. This eiffett strengthens the data set so that a
higher margin of safety is not required.

Finally, the predicted reductions of the amouniNaokleased from the sediments are most
likely underestimates, i.e. conservative. The c#ida is based solely on a reduced deposition
of particulate organic nitrogen (PON) due to loywdamary production rates under the

reduced N loading in these systems. As the N f@pdecreases and organic inputs are
reduced it is likely that rates of coupled remitigedion-nitrification, denitrification and
sediment oxidation will increase. It was also conavely assumed that the negative benthic
flux in Wild Harbor and Wild Harbor River (-11.3@@-0.42 kg/day N, respectively) does

not exist under future loading conditions and ahsuas designated as “0” for purposes of
the TMDL.

Benthic regeneration of N is dependent upon theuswinof PON deposited to the sediments
and the percentage that is regenerated to the w@tenn versus being denitrified or buried.
The regeneration rate projected under reduced drigaconditions was based upon two
assumptions:(1) PON in the embayment in excedsavfaf inflowing tidal water (boundary
condition) results from production supported byevsihed N inputs; and (2) Presently
enhanced production will decrease in proportioth&reduction in the sum of watershed N
inputs and direct atmospheric N input. The latardition would result in equal embayment
versus boundary condition production and PON leNelstershed N loading and direct
atmospheric deposition could be reduced to zeranfaossibility of course). This
proportional reduction assumes that the propodifaemineralized N will be the same as
under present conditions, which is almost certaamyunderestimate. As a result, future N
regeneration rates are overestimated which addetmargin of safety.

Finally, decreases in air deposition through cantig air pollution control efforts are
unaccounted for this TMDL and provide another congra of the margin of safety.

2. Conservative sentinel station/target thresholdgén concentration

Conservatism was used in the selection of thersargtation and target threshold N
concentration. The sites were chosen that hadestaigrass or benthic animal (infaunal)
communities, and not those just starting to shopairment, which would have slightly
higher N concentration. Meeting the target thresidlconcentration at the sentinel station
will result in reestablishment of eelgrass and bierttabitat throughout the rest of the system.
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3. Conservative approach

The target loads were based on tidally averagedngentrations on the outgoing tide which
is the worst case condition because that is wheiNtbhoncentrations are the highest. The N
concentrations will be lower on the flood tidesréfore, this approach is conservative.

Finally, the linked model accounted for all storm@rdoadings and groundwater loadings in
one aggregate allocation as a non point sourcehemdggregate load is accounted for in the
load allocation. The method of calculating the WinAhe TMDL for regulated stormwater
was conservative as it did not disaggregate thgéigible load from the modeled stormwater
LA, hence this approach further enhances the mafgsafety.

In addition to the margin of safety within the ocexitof setting the N threshold levels
described above, a programmatic margin of safety ékrives from continued monitoring of
this embayment to support adaptive management cmtinuous monitoring effort provides
the ongoing data to evaluate the improvementsab@ir over the multi-year implementation
of the N management plan. This will allow refinertgeto the plan to ensure that the desired
level of restoration is achieved.

Seasonal Variation

Since the TMDLSs for the waterbody segments arethasdhe most critical time period, i.e.
the summer growing season, the TMDLs are proteétivall seasons. The daily loads can
be converted to annual loads by multiplying by 8®® number of days in a year). Nutrient
loads to the embayment are based on annual loatlsdaeasons. The first is that primary
production in coastal waters can peak in bothake Wwinter-early spring and in the late
summer-early fall periods. Second, as a practicter, the types of management necessary
to control the N load do not lend themselves tmaHainnual manipulation since a considerable
portion of the N is from non-point sources. Theeculating annual loads is most
appropriate, since it is difficult to control nowipt sources of N on a seasonal basis and N
sources can take considerable time to migrate paated waters.

TMDL Valuesfor the Wild Harbor System

As outlined above, the total maximum daily loadiog§$ that would provide for the
restoration and protection of the embayment weleutated by considering all sources of N
grouped by natural background, point sources amdpomnt sources. A more meaningful
way of presenting the loadings data from an impletaiéon perspective is shown in Table 6
and Appendix D.

Table6: The Nitrogen Total Maximum Daily L oad for the Wild Harbor System

Target Threshold Atmospheric| Load from
System Component| Watershed Load Deposition Sediments
(kg N/day) | (kg N/day) | (kg N/day)

TMDL3 (kg
N/day)
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Wild Harbor 4.55 1.03 0 5.58
Wild Harbor Rivef 10.06 0.45 0 10.51
Dam Pond Streafn 1.51 -- - 1.51
Wild Harbor (total 16.12 148 0 176
system)

*Target threshold watershed load is the load froenwthtershed needed to meet the embayment targshtid
nitrogen concentration identified in Table 3.

2projected future flux (present rates reduced apprately proportional to watershed load reductions).
(Negative fluxes set to zero.)

*Sum of target threshold watershed load and atmoispiieposition load and sediment load.

* Protective TMDLs have been assigned due hydraahmection to Wild Harbor.

In this table N loadings from the atmosphere andhfnutrient rich sediments are listed
separately from the target watershed thresholdsloBlde watershed load is composed of
atmospheric deposition to freshwater and naturdses along with locally controllable N
from on-site subsurface wastewater disposal syststimsn water runoff, and fertilizer
sources. In the case of the Wild Harbor System TtDL was calculated by projecting
reductions in locally controllable watershed soaroEN. The target load identified in this
table represents one alternative loading scenarahieve that goal but other scenarios may
be possible and approvable as well. It must be detrated however, that any alternative
implementation strategies will be protective of 8mire embayment system. Once again the
goal of this TMDL is to achieve the identified tatghreshold N concentration at the
identified sentinel station.

| mplementation Plans

The critical element of this TMDL process is aclimgyvthe sentinel station specific target
threshold N concentration presented in Table 3s iBnecessary for the restoration and
protection of water quality, benthic invertebrasbhat, and eelgrass within the Wild Harbor
System. In order to achieve these target thredlaldncentrations, N loading rates must be
reduced throughout the Wild Harbor system. Talddd@ve lists the target threshold
watershed N load for this system.

Septic Systems:

Because the vast majority of controllable N loattesn individual septic systems for private
residences, the Comprehensive Wastewater Managéttean{CWMP) should assess the
most cost-effective options for achieving the tatgeeshold N watershed loads, including but
not limited to, sewering and treatment for N cohtrfosewage and septage at either
centralized or de-centralized locations, and digyiiig systems for all private residences.
The CWMP should include a schedule of the selestiedegies and estimated timelines for
achieving those targets. However, the MassDERzesathat an adaptive management
approach may be used to observe implementatiottsester time and allow for adjustments
based on those results. The appropriateness ajfahg alternatives will depend on local
conditions, and will have to be determined on &dascase basis, using an adaptive
management approach. This adaptive managementaagbpnoll incorporate the priorities
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and concepts included in the updated area wide geament plan established under the Clean
Water Act Section 208.

The Silver Beach area is an embayment within thiel Warbor River and is a densely
populated residential neighborhood. The SilverdBe&/astewater Treatment Plant (WWTP)
was completed in 2009 with the capacity to conapprroximately 230 homes with an
average wastewater discharge of approximately 033pd. The current conditions modeling
of the Wild Harbor Estuaries System was completaat po the completion of the Silver
Beach WWTP. The wastewater loading from this waater treatment plant was including
in the buildout modeling scenario. The Silver Be#¢WTP fulfills 8.5% of the nitrogen load
reduction needed to restore the nitrogen impaisddtats within the Wild Harbor System.
The effluent from the treatment plant is dischartgethe groundwater beneath the athletic
fields at the elementary school.

Table 7 (from Table VIII-2 of the MEP Technical Ref) summarizes the present loadings
from septic systems and the reduced loads thatdameihecessary to achieve the target
threshold N concentration in the Wild Harbor systemder the scenario modeled here. A
43% reduction in present septic loading achievedahget threshold N concentration of 0.35
mg/L at the sentinel station (Station WH-1), tinmermged over the summer period. This
septic load change will result in a 31.9% decraeaske total watershed load to the Wild
Harbor Estuary.

Table 7. Summary of the Present Septic System L oads and the L oading Reductions that
Would be Necessary to Achievethe TMDL by Reducing Septic System L oads Alone.

Present Septic N| Threshold Septic  Threshold Septic

System Component | | oaq (kg Niday) | load (kg N/day) | Load % Change

Wild Harbor 7.50 1.73 -17%
Wild Harbor River 8.81 7.05 -20%
Dam Pond Stream 1.05 1.05 0%
Wild Harbor (total 17.36 983 -43%

system)

The above modeling results provide one scenarachieving the threshold level for the
sentinel site within the estuarine system. Thisg¥a does not represent the only method for
achieving this goal. The Town of Falmouth is emeged to evaluate other load reduction
scenarios and take any reasonable steps to reluicentrollable N sources.

Stormwater :

EPA and MassDEP authorized most of the watersheuhumity of Falmouth for coverage
under the NPDES Phase Il General Permit for Stotemiischarges from Small Municipal
Separate Storm Sewer Systems (MS4s) in 2003. BEA&ASSDEP reissued the MS4 permit
in April 2016. The reissued permit takes effectMarch 31, 2017. The NPDES permits
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issued in Massachusetts do not establish numédlieef limitations for stormwater
discharges, rather, they establish narrative reqents, including best management
practices, to meet the following six minimum cohtreeasures and to meet State Water
Quiality Standards.

. Public education and outreach particularly angloper disposal of pet waste,
. Public participation/involvement,

. lllicit discharge detection and elimination,

. Construction site runoff control,

. Post construction runoff control, and

. Pollution prevention/good housekeeping.

OO WNPE

As part of their applications for Phase Il pernuverage, communities must identify the best
management practices they will use to comply wabheof these six minimum control
measures and the measurable goals they have sstdomeasur&@herefore, compliance

with the requirements of the Phase Il stormwatemytan the towns of Falmouth, Bourne
and Sandwich will contribute to the goal of redgcihe nitrogen load as prescribed in this
TMDL for the Wild Harbor estuarine system watershed

Climate Change:

MassDEP recognizes that long-term (25+ years) ¢érohange impacts to southeastern
Massachusetts, including the area of this TMDL,passible based on known science.
Massachusetts Executive Office of Energy and Emvrental Affairs 2011Climate Change
Adaptation Reporthttp://www.mass.gov/eea/waste-mgnt-recycling/aiaigwgreen-house-
gas-and-climate-change/climate-change-adaptatiordts-change-adaptation-report.html
predicts that by 2100 the sea level could be fraim @ feet higher than the current position
and precipitation rates in the Northeast couldease by as much as 20 percent. However, the
details of how climate change will affect sea lenst, precipitation, streamflow, sediment
and nutrient loading in specific locations are galig unknown. The ongoing debate is not
about whether climate change will occur, but the ed and the extent to which it will occur
and the adjustments needed to address its imEesss 2012 Climate Change Strategy
(http://water.epa.gov/scitech/climatechange/uplqzai/8012 climate water_strategy full re
port_final.pdf)states: “Despite increasing understanding ofalexchange, there still remain
guestions about the scope and timing of climategeampacts, especially at the local scale
where most water-related decisions are made.”eBwrarine TMDLS in southeastern
Massachusetts, MassDEP recognizes that this isarty true, where water quality
management decisions and implementation actiongearerally made and conducted at the
municipal level on a sub-watershed scale.

EPA'’s Climate Change Strategy identifies the typleesearch needed to support the goals
and strategic actions to respond to climate chalg® acknowledges that data are missing
or not available for making water resource managemecisions under changing climate
conditions. In addition, EPA recognizes the limida of current modeling in predicting the
pace and magnitude of localized climate change atspand recommends further exploration
of the use of tools, such as atmospheric, pretipitaand climate change models, to help
states evaluate pollutant load impacts under aerahgrojected climatic shifts.
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In 2013, EPA released a study entitled, “Waterghedeling to assess the sensitivity of
streamflow, nutrient, and sediment loads to po#stimate change and urban development
in 20 U.S. watersheds.” (National Center for Enmimental Assessment, Washington D.C.;
EPA/600/R-12/058F). The closest watershed to sastiern Massachusetts that was
examined in this study is a New England coastahdasated between Southern Maine and
Central Coastal Massachusetts. These watershaust @mcompass any of the watersheds in
the Massachusetts Estuary Project (MEP) regionjtdrak vastly different watershed
characteristics, including soils, geography, hyoggland land use — key components used in
a modeling analysis. The initial “first order” adasion of this study is that, in many
locations, future conditions, including water qtialare likely to be different from past
experience. However, most significantly, this stddl not demonstrate that changes to
TMDLs (the water quality restoration targets) wobkinecessary for the region. EPA’s 2012
Climate Change Strategy also acknowledges thatititheast, including New England,
needs to develop standardized regional assumpgasding future climate change impacts.
EPA’s 2013 modeling study does not provide thergifie methods and robust datasets
needed to predict specific long-term climate changgacts in the MEP region to inform
TMDL development.

MassDEP believes that impacts of climate changaldhze addressed through TMDL
implementation with an adaptive management approaofind. Adjustments can be made
as environmental conditions, pollutant sourcesitber factors change over time.
Massachusetts Coastal Zone Management (CZM) hadaped a StormSmart Coasts
Program (2008) to help coastal communities addregacts and effects of erosion, storm
surge and flooding which are increasing due to alexchange. The program,
www.mass.gov/czm/stormsmanftfers technical information, planning strategiegal and
regulatory tools to communities to adapt to climatange impacts.

As more information and tools become availablergmeay be opportunities to make
adjustments in TMDLs in the future to address ptadile climate change impacts. When the
science can support assumptions about the effectsmate change on the nitrogen loadings
to LakeFashmoeoWild Harbadhe TMDL can be reopened, if warranted.

The watershed community of Falmouth is urged totrtteetarget threshold N concentrations
by reducing N loadings from any and all sourceyugh whatever means are available and
practical, including reductions in on-site subscefavastewater disposal system loadings as
well as reductions in stormwater runoff and/orifieer use within the watershed through the
establishment of local by-laws and/or the impleragah of stormwater Best Management
Practices (BMPs).

MassDEP’s MEP Implementation Guidance report
(http://www.mass.gov/eea/docs/dep/water/resourdbsiam/mepmain.pdiwith appendices
at http://www.mass.gov/eea/docs/dep/water/resourdbsiam/mepappen.pdfprovides N
loading reduction strategies that are availableaionouth that could be incorporated into the
implementation plans. The following topics related\ reductionare discussed in the
Guidance:
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* Wastewater Treatment;
» On-Site Treatment and Disposal Systems
» Cluster Systems with Enhanced Treatment
» Community Treatment Plants
» Municipal Treatment Plants and Sewers
» Tidal Flushing;
» Channel Dredging
> Inlet Alteration
» Culvert Design and Improvements
» Stormwater Control and Treatment*;
» Source Control and Pollution Prevention
» Stormwater Treatment
» Attenuation via Wetlands and Ponds;
* Water Conservation and Water Reuse;
* Management Districts;
* Land Use Planning and Controls;
» Smart Growth
» Open Space Acquisition
» Zoning and Related Tools
Nutrient Trading.

*The towns of Falmouth, Bourne and Sandwich are b@mof the 237 communities in Massachusetts cilyren
covered by the Phase Il storm water program remargs.

Monitoring Plan

MassDEP is of the opinion that there are two foainsonitoring that are useful to determine
progress towards achieving compliance with the TMDAassDEP’s position is that
implementation will be conducted through an itemaprocess where adjustments may be
needed in the future. The two forms of monitorimglude: 1) tracking implementation
progress as approved in the town CWMP plan (asoppiaite); and 2) monitoring ambient
water quality conditions, including but not limitéal the sentinel station identified in the
MEP Technical Report.

If necessary to achieve the TMDL, the CWMP will iexdie various options to achieve the
goals set out in the TMDL and Technical Reportwilt also make a final recommendation
based on existing or additional modeling runspsetrequired activities and identify a
schedule to achieve the most cost effective saiuhat will result in compliance with the
TMDL. Once approved by MassDEP, tracking progmasthe agreed-upon plan will, in
effect, also be tracking progress towards watelityuenprovements in conformance with the
TMDL.

Relative to water quality, MassDEP believes thaatient monitoring program, much

reduced from the data collection activities neeteproperly assess conditions and to
populate the model, will be important to determaiceual compliance with water quality
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standards. Although the TMDL load values are n@d, the target threshold N
concentrations at the sentinel stations are. Thraligcussions amongst the MEP it is
generally agreed that existing monitoring progravhgh were designed to thoroughly assess
conditions and populate water quality models casuiestantially reduced for compliance
monitoring purposes. Although more specific detated to be developed on a case by case
basis, MassDEP's current thinking is that aboutthal current effort (using the same data
collection procedures) would be sufficient to monitompliance over time and to observe
trends in water quality changes. In addition,likathic habitat and communities would
require periodic monitoring on a frequency of abexgry 3-5 years. Finally, in addition to
the above, existing monitoring conducted by MassidERelgrass should continue into the
future to observe any changes that may occur trasd populations as a result of restoration
efforts.

The MEP will continue working with the watershedwaunities to develop and refine
monitoring plans that remain consistent with thalg@f the TMDL. Through the adaptive
management approach ongoing monitoring will be cotetl and will indicate if water
guality standards are being met. If this does ©otipother management activities would
have to be identified and considered to reach &dsgoutlined in this TMDL. It must be
recognized however that development and implementaf a monitoring plan will take
some time, but it is more important at this pomnfdcus efforts on reducing existing
watershed loads to achieve water quality goals.

Reasonable Assurances

MassDEP possesses the statutory and regulatorgrayttunder the water quality standards
and/or the State Clean Water Act (CWA), to impletraard enforce the provisions of the
TMDL through its many permitting programs, inclugirequirements for N loading
reductions from on-site subsurface wastewater dmgystems. However, because most
non-point source controls are voluntary, reasonab$eirance is based on the commitment of
the locality involved. Falmouth has demonstratesl tommitment through the
comprehensive wastewater planning that they ietiatell before the generation of the
TMDL as well as proceeding with construction oaeger culvert to improve flushing within
the embayment. The town expects to use the infeomat this TMDL to generate support
from their citizens to take the necessary stepsritedy existing problems related to N
loading from on-site subsurface wastewater dispggkems, stormwater, and runoff
(including fertilizers) and to prevent any futuregtladation of these valuable resources.

Moreover, reasonable assurances that the TMDLbegiimplemented include enforcement of
regulations, availability of financial incentivesdalocal, state and federal programs for
pollution control. Stormwater NPDES permit coveragll address discharges from
municipally owned stormwater drainage systems.ofeiment of regulations controlling
non-point discharges include local implementatibthe Commonwealth’s Wetlands
Protection Act and Rivers Protection Act; Titleggulations for on-site subsurface
wastewater disposal systems and other local regngasuch as the Town of Rehoboth’s
stable regulations.
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Financial incentives include federal funds avagalhder Sections 319, 604 and 104(b)
programs of the CWA, which are provided as pathefPerformance Partnership Agreement
between MassDEP and EPA. Other potential fundsaaetance are available through
Massachusetts’ Department of Agriculture’s Enharer@®rogram and the United States
Department of Agriculture’s Natural Resources Coveston Services. Additional financial
incentives include income tax credits for Titlefguades and low interest loans for Title 5
on-site subsurface wastewater disposal system deg/i@ailable through municipalities
participating in this portion of the state revolgifund program.

As the town implements this TMDL, the TMDL valudg{day of N) will be used by
MassDEP as guidelines for permitting activities ahduld be used by local communities as a
management tool.

Public Participation

Public meetings to present the results of and angue&stions on this TMDL were held on XXXX
in the XXXX meeting roomxXXXXX (MassDEP) summarized the Mass Estuaries Projelct an
described the Draft Nitrogen TMDL Report finding8ublic comments received at the public
meetings and comments received in writing withBOaday comment period following the public
meeting were considered by the Department. Thé fiarsion of the TMDL report includes both
a summary of the public comments together withDbpartment's response to the comments and
scanned images of the attendance sheets from thigngee (Appendix XX). MEP representatives
at the public meetings includedKXXXXX .
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Appendix A: Overview of Applicable Water Quality Standards

Water quality standards of particular interestimissues of cultural eutrophication are dissobtsedjen,
nutrients, bottom pollutants or alterations, adgthgexcess plant biomass, and nuisance vegetalioa
Massachusetts water quality standards (314 CMRcéi®pin numeric criteria for dissolved oxygen, but
have only narrative standards that relate to therotariables. This brief summary does not suplerse
replace 314 CMR 4.0 Massachusetts Water Qualitydaials, the official and legal standards. A congplet
version of 314 CMR 4.0 Massachusetts Water Qu8kiandards is available online at
http://www.mass.gov/eea/agencies/massdep/watelatems/314-cmr-4-00-mass-surface-water-quality-
standards.html

Applicable Narr ative Standar ds

314 CMR 4.05(5)(a) states “Aesthetics — All surfagders shall be free from pollutants in
concentrations that settle to form objectionableasés; float as debris, scum, or other matteotmnf
nuisances, produce objectionable odor, color, tasteirbidity, or produce undesirable or nuisance
species of aquatic life.”

314 CMR 4.05(5)(b) states “Bottom Pollutants orefdttions. All surface waters shall be free from
pollutants in concentrations or combinations onfralterations that adversely affect the physical or
chemical nature of the bottom, interfere with thegagation of fish or shellfish, or adversely affec
populations of non-mobile or sessile benthic orgausi.”

314 CMR 4.05(5)(c) states, “Nutrients —Unless radty occurring, all surface waters shall be free
from nutrients in concentrations that would causeomtribute to impairment of existing or desigmate
uses and shall not exceed the site specific @itkveloped in a TMDL or as otherwise established b
the Department pursuant to 314 CMR 4.00. Any exgspioint source discharge containing nutrients
in concentrations that would cause or contributeultural eutrophication, including the excessive
growth of aquatic plants or algae, in any surfaagewshall be provided with the most appropriate
treatment as determined by the Department, inctyydulmere necessary, highest and best practical
treatment (HBPT) for POTWSs and BAT for non POTWstémove such nutrients to ensure
protection of existing and designated uses. Hunstinitges that result in the nonpoint source
discharge of nutrients to any surface water maseljaired to be provided with cost effective and
reasonable best management practices for nonpmintes control.”

Description of Coastal and Marine Classes and Numeric Dissolved Oxygen Standards

Excerpt from 314 CMR 4.05(4) (a):

(a) Class SA. These waters are designated ascaliemt habitat for fish, other aquatic life and
wildlife, including for their reproduction, migrain, growth and other critical functions, and for
primary and secondary contact recreation. In aesaiters, excellent habitat for fish, other aqubifiec
and wildlife may include, but is not limited to,aggass. Where designated in the tables to 314 CMR
4.00 for shellfishing, these waters shall be sigtédr shellfish harvesting without depuration
(Approved and Conditionally Approved Shellfish As¢arhese waters shall have excellent aesthetic
value.

1. Dissolved Oxygen. Shall not be less than &0.r1Vhere natural background conditions are
lower, DO shall not be less than natural backgroiladural seasonal and daily variations that are
necessary to protect existing and designated insdisoe maintained.
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Excerpt from 314 CMR 4.05(4) (b):

(b) Class SB. These waters are designated dsitatfar fish, other aquatic life and wildlife,
including for their reproduction, migration, growdind other critical functions, and for primary and
secondary contact recreation. In certain watetsitdusfor fish, other aquatic life and wildlife may
include, but is not limited to, seagrass. Wheregieded in the tables to 314 CMR 4.00 for
shellfishing, these waters shall be suitable fall§kh harvesting with depuration (Restricted and
Conditionally Restricted Shellfish Areas). Thesdessmshall have consistently good aesthetic value.

1. Dissolved Oxygen. Shall not be less than 5gfl.rBeasonal and daily variations that are necgssa
to protect existing and designated uses shall betamaed. Where natural background conditions are
lower, DO shall not be less than natural background

Waterbodies Not Specifically Designated in 314 CMR 4.06 or thetablesto 314 CMR 4.00

Note many waterbodies do not have a specific wgtality designation in 314 CMR 4.06 or the tabtes t
314 CMR 4.00 Coastal and Marine Classes of water are desig@at€lass SA and presumed High
Quality Waters as described in 314 CMR 4.06 (4).

314 CMR 4.06(4):

(4) Other WaterdJnless otherwise designated in 314 CMR 4.06 orasni¢herwise listed in the
tables to 314 CMR 4.00, other waters are Class& paesumed High Quality Waters for inland
waters and Class SA, and presumed High Quality iW#&be coastal and marine waters. Inland
fisheries designations and coastal and marinefisigtlg designations for unlisted waters shall be
made on a case-by-case basis as necessary.

Applicable Antidegradation Provisions
Applicable antidegradation provisions are detaited14 CMR 4.04 from which an excerpt is provided:

Excerpt from 314 CMR 4.04:
4.04:Antidegradation Provisions

(1) Protection of Existing Uses. In all cases xgsuses and the level of water quality necestary
protect the existing uses shall be maintained aotkgted.

(2) Protection of High Quality Waters. High Qughvaters are waters whose quality exceeds
minimum levels necessary to support the national gses, low flow waters, and other waters whose
character cannot be adequately described or peotdxst traditional criteria. These waters shall be
protected and maintained for their existing levigdjwality unless limited degradation by a new or
increased discharge is authorized by the Departpasuant to 314 CMR 4.04(5). Limited
degradation also may be allowed by the Departméetrevit determines that a new or increased
discharge is insignificant because it does not hlaggotential to impair any existing or designated
water use and does not have the potential to Gaussignificant lowering of water quality.

(3) Protection of Outstanding Resource Waters.drewaters are designated for protection

under this provision in 314 CMR 4.06. These waiteckide Class A Public Water Supplies

(314 CMR 4.06(1)(d)1.) and their tributaries, certaetlands as specified in 314 CMR 4.06(2) and
other waters as determined by the Department baséukir outstanding socio-economic,
recreational, ecological and/or aesthetic valuég. quality of these waters shall be protected and
maintained.
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(a) Any person having an existing discharge todlvesaters shall cease said discharge and connect
to a Publicly Owned Treatment Works (POTW) unléss shown by said person that such a
connection is not reasonably available or feasibksting discharges not connected to a POTW
shall be provided with the highest and best prattitethod of waste treatment determined by the
Department as necessary to protect and maintaiouts¢anding resource water.
(b) A new or increased discharge to an OutstanBiegpurce Water is prohibited unless:
1. the discharge is determined by the Departmebé tior the express purpose and intent of
maintaining or enhancing the resource for its destigd use and an
authorization is granted as provided in 314 CMRIBD The Department's
determination to allow a new or increased dischahgdl be made in agreement with the
federal, state, local or private entity recognibgdhe Department as having direct control
of the water resource or governing water use; or
2. the discharge is dredged or fill material foalifying activities in limited
circumstances, after an alternatives analysis wtactsiders the Outstanding Resource
Water designation and further minimization of adyerse impacts. Specifically, a
discharge of dredged or fill material is allowedyoio the limited extent specified in 314
CMR 9.00 and 314 CMR 4.06(1)(d). The Departmerginstthe authority to deny
discharges which meet the criteria of 314 CMR ®%00will result in substantial adverse
impacts to the physical, chemical, or biologicaégrity of surface waters of the
Commonwealth

(4) Protection of Special Resource Waters. Cewutaiters of exceptional significance, such as waters
in national or state parks and wildlife refugesyrba designated by the Department in 314 CMR 4.06
as Special Resource Waters (SRWSs). The qualityesfet waters shall be maintained and protected so
that no new or increased discharge and no newcegased discharge to a tributary to a SRW that
would result in lower water quality in the SRW niag allowed, except where:

(a) the discharge results in temporary and shart tdhanges in the quality of the SRW,

provided that the discharge does not permanenitigievater quality or result in water

quality lower than necessary to protect uses; and

(b) an authorization is granted pursuant to 314 CMR(5).

(5) Authorizations.
(a) An authorization to discharge to waters desgphéor protection under 314 CMR
4.04(2) may be issued by the Department wheregpkcant demonstrates that:
1. The discharge is necessary to accommodate iaxga@tonomic or social
development in the area in which the waters aratéuf;
2. No less environmentally damaging alternative &it the activity, receptor for the
disposal, or method of elimination of the dischagyeeasonably available or feasible;
3. To the maximum extent feasible, the dischargkaativity are designed and
conducted to minimize adverse impacts on watentyyailcluding implementation of
source reduction practices; and
4. The discharge will not impair existing water sis@d will not result in a level of
water quality less than that specified for the €las
(b) An authorization to discharge to the narroneekallowed in 314 CMR 4.04(3) or
314 CMR 4.04(4) may be granted by the Departmemrtrav/the applicant demonstrates
compliance with 314 CMR 4.04(5)(a)2. through 314K 04(5)(a)4.
(c) Where an authorization is at issue, the Depamtrahall circulate a public notice in
accordance with 314 CMR 2.06. Said notice shalesta authorization is under
consideration by the Department, and indicate tepaltment's tentative determination. The
applicant shall have the burden of justifying tiéharization. Any authorization granted
pursuant to 314 CMR 4.04 shall not extend beyoedettpiration date of the permit.
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(d) A discharge exempted from the permit requirenbgr814 CMR 3.05(4) (discharge
necessary to abate an imminent hazard) may be d¢edrfipm 314 CMR 4.04(5) by decision
of the Department.

(e) A new or increased discharge specifically resplias part of an enforcement order
issued by the Department in order to improve exgstater quality or prevent existing
water quality from deteriorating may be exemptehfi314 CMR 4.04(5) by decision of the
Department.

(6) The Department applies its Antidegradation kenpéntation Procedures to point source
discharges subject to 314 CMR 4.00.

(7) Discharge Criteria. In addition to the othen\psions of 314 CMR 4.00, any authorized Discharge
shall be provided with a level of treatment eqoabt exceeding the requirements of the Massachusett
Surface Water Discharge Permit Program (314 CMR)3Before authorizing a discharge, all appropriate
public participation and intergovernmental coordimashall be conducted in accordance with Permit
Procedures (314 CMR 2.00).
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Appendix B: Summary of the Nitrogen Concentrationsin Wild Harbor Estuarine
System

Table B-1: Summary of the Nitrogen Concentratiarsie Wild Harbor Estuarine System
(Reprinted from Table VI-1 of the MEP Technical ReapHoweset al, 2013)

Measured data and modeled Nitrogen concentrations for the Wild Harbor estuarine system.
All concentrations are given in mg/L N. “Data mean” values are calculated as the average of
the separate yearly means. Data represented in this table were collected in the summers of
1999 through 2009.

MEP data sd model | model model
Sub-Embayment monitoring o N .
) mean | all data min max | average
station

Wild Harbor
(outlet of the Boat WH-1 0.439 | 0.071 38 0.359 | 0.546 0.447
Basin)
Wild Harbor River WH-2 0.480 | 0.107 40 0.332 | 0.779 0.482
Buzzards Bay CBB1 0.282 | 0.044 13 - - -




Appendix C: Stormwater Loading I nformation

Table C-1. The Wild Harbor Estuarine System edtthavaste load allocation (WLA) from runoff of athpervious areas within 200 feet of

its waterbodies.

Watershed Watershed
Impervious buffer area
e Areain 200 ft | MEP Total MEP Total Watershed WLA as
E Impervious Area in| Watershed Unattenuated .
stuary System 200 ft Buffer of Imbervious buffer as % of Watershed Unattenuated Impervious percentage of
Name Embayment Arepa Total Impervious Watershed Load buffer (200 ft) MEP Total
ety ey Eoes Watershed Load (kg/day} (kg/day} WLA (kg/dayy | Unattenuated
Impervious Watershed
Area Load®
Wild Harbor and
Wild Harbor 11.03 160 6.9% 2.08 26.61 0.14 0.5%
River

1. The entire impervious area within a 200 fooffé&wufone around all waterbodies as calculated byd@¢S. Due to the soils and geology of Cape Cixdunlikely
that runoff would be channeled as a point sourpecty to a waterbody from areas more than 200de&ty. Some impervious areas within approxima2ély feet of
the shoreline may discharge stormwater via pipesctly to the waterbody. For the purposes of thste/load allocation (WLA) it was assumed thatrafiervious
surfaces within 200 feet of the shoreline dischaligectly to the waterbody.

2. Total impervious surface for the watershed waained from SMAST N load data files.

3. From Table IV-3 of the MEP Technical Report.

4. This includes the unattenuated nitrogen loanls fivastewater from septic systems, fertilizer, fiifrom both natural and impervious surfaces, amdospheric
deposition to freshwater waterbodies. This do¢snmbude direct atmospheric deposition to the astsurface.

5. The impervious subwatershed 200 ft buffer aaeae6) divided by total watershed impervious aseaes) then multiplied by total impervious subwsied load

(kg/day).

6. The impervious subwatershed buffer area WLAd#&y) divided by the total subwatershed load (kg/dlagn multiplied by 100.
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Appendix D: wild Harbor Total Nitrogen TMDLs

Table D-1: TMDLs for Wild Harbor Estuarine Systendre Total Nitrogen TMDLs and Two Protective TMDLs

Waterbody Name ISngent Segment Description TMDL Type | TMDL (kg N/day)

Wild Harbor MA95-20 Falmouth Restoration 5.58
Headwaters, Falmouth to

Wild Harbor River MA95-68 | mouth at Wild Harbor, Protective* 10.51
Falmouth.

Dam Pond Stream not_ Outlet of Dam Pond Protective 1.51

assigned
Wild Harbor (total system 17.6

* Wild Harbor River was not found impaired by th€eM project, however, the restoration of Wild Hanil require reductions
in loadings to the Wild Harbor River watershed.



